Ⅰ. INTRODUCTION
The discovery of carbon nanotubes (CNTs) has attracted much attention due to their remarkable mechanical and physical properties. [1] [2] [3] [4] [5] [6] The CNTs may be used in a wide range of applications, such as material reinforcement, field emission and vacuum microelectronic devices, nano-sensors and nano-actuators. Owing mainly to perfect cylindrical channels and the remarkable mechanical properties, the CNTs hold substantial promise as artificial blood vessels 7 , and nanopipes for conveying fluid or gas. The carbon nanotubes are from about 3 nm to 30 nm in the diameter, which are small enough to fit into blood vessels. Because medium properties of fluid-filled CNTs could affect the vibrational frequency, understanding the mechanical and physical properties of CNTs conveying fluids is essential for their potential designs and application.
Some studies on the vibration [8] [9] [10] [11] and the wave propagation [12] [13] [14] have been reported in the literature. However, the experimental techniques to measure the properties of an individual CNT are quite difficult owing to their nanometer dimensions. Current simulation models for
CNTs can essentially categorized as molecular dynamics (MD) method and continuum mechanics. Although the MD simulation is an effective method to predict the chemical and physical properties of nanostructures, it is very time-consuming and remains formidable especially for larger-scale systems. The simulation of larger systems must be currently left to continuum mechanics methods. At present, solid mechanics with elastic continuum model has been regarded as an effective method and widely used for analyzing the mechanical and physical properties of CNTs. [9] [10] [11] [12] [13] [14] [15] In early studies on wave propagation and vibration of CNTs, the CNTs have been modeled 
where are the differential operators with respect to x and θ given by
. E and ν are the elastic modulus and Poisson's ratio of a graphene sheet folded into CNTs.
Eliminating u and v from Eq. (1), we have
where
B. Acoustic pressure field 
C. Vibrational frequency of double-walled nanotubes
The wave propagation approach is presented for analyzing the natural frequency of CNTs.
In the cylindrical coordinate system as shown in Fig. 1 , the displacement of simply supported DWNTs for the harmonic vibration can be expressed in the form of wave propagation: 
where f ρ is the fluid density.
is the amplitude of vibration in the inner nanotube.
Substituting Eq. (8) into Eq. (7), and using Eq. (6), we obtain 
where and are the deflections in the inner and outer nanotubes, respectively. 
and ( )
where σ and ε are the vdW radius and the well depth of the Lennard-Jones potential, respectively.
Substituting Eq. (10) 
By substituting Eqs. (7) and (9) 
where and are the differential operators, which are given by Eqs. (2) and (4) for inner and outer tubes, respectively.
The amplitude ratio of the inner nanotube to the outer nanotube is given by
, , Axial half-wave number, m
